Cribrihabitans neustonicus sp. nov., isolated from coastal surface seawater, and emended description of the genus Cribrihabitans Chen et al. However, strain CC-AMHB-3 T formed a distinct phyletic lineage associated with C. marinus CZ-AM5 T during phylogenetic analyses. The polar lipid profile of strain CC-AMHB-3 T included major amounts of diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine; moderate amounts of phosphatidylethanolamine, an unidentified aminolipid, an unidentified phospholipid and an unidentified lipid; and trace amounts of an unidentified lipid and an unidentified phospholipid, which was qualitatively almost in line with that of C. marinus CZ-AM5 T but remarkably distinct as compared with the type species of the genera Ruegeria (Ruegeria atlantica JCM 21234 T ) and Phaeobacter (Phaeobacter gallaeciensis JCM 21319 T ). In line with the fatty acid profile of C. marinus CZ-AM5 T , the major (.5 % of total) fatty acids of strain CC-AMHB-3 T were C 18 : 1 v7c and/or C 18 : 1 v6c (summed feature 8), 11-methyl C 18 : 1 v7c and C 16 : 0 . The DNA G+C content was 66.7 mol%. Ubiquinone-10 (Q-10) was the sole respiratory quinone. Thus, based on the results of the polyphasic study presented here, strain CC-AMHB-3 T is considered to represent a novel species of the genus Cribrihabitans, for which the name Cribrihabitans neustonicus sp. nov. is proposed; the type strain is CC-AMHB-3 T (5JCM 19537 T 5BCRC 80695 T ). In addition, an emended description of the genus Cribrihabitans is also proposed.
Representatives of the family Rhodobacteraceae belong to the class Alphaproteobacteria, and are ecologically, phenotypically and metabolically diverse (Garrity et al., 2005) . Members of the family Rhodobacteraceae have most often been isolated from various marine environments (Chen et al., 2014; Park et al., 2014; Iwaki et al., 2013; Kim et al., 2012b; Martens et al., 2006; Muramatsu et al., 2007; Rüger & Höfle, 1992; Ruiz-Ponte et al., 1998; Uchino et al., 1998; Yoon et al., 2007) . Several representatives of the family Rhodobacteraceae have undergone taxonomic reassessment and reclassification on the basis of newly obtained molecular data (Buddruhs et al., 2013; Lai et al., 2010; Martens et al., 2006) . The number of representatives of the family Rhodobacteraceae has increased constantly through the continual description of new taxa. Among the genera affiliated to the family Rhodobacteraceae, the genus Cribrihabitans was first proposed by Chen et al. (2014) while describing Cribrihabitans marinus CZ-AM5 T , a bacterial strain isolated from an aerated biological filter in a marine recirculating aquaculture system in Tianjin, China. Here, we present the taxonomic features of another strain (CC-AMHB-3 T ) that exhibited a close phylogenetic relationship with Cribrihabitans marinus CZ-AM5 T .
During an exploration of microbiota inhabiting oceanic surface waters, strain CC-AMHB-3
T was isolated from a stream water sample collected near coastal Hualien, Taiwan (24.307512 u N 120.518572 u E). The marine water sample was subjected to the standard dilution-to-extinction plating method using marine agar 2216 (MA; BD Difco) and incubation at 30 u C, for 48-96 h. Strain CC-AMHB-3 T appeared as opaque cream-coloured colonies, which were purified and preserved in marine broth (MB; BD Difco) supplemented with 20 % (v/v) glycerol at 280 u C. Taxonomic investigations were carried out according to published guidelines and minimal standards (Tindall et al., 2010) . The type strains of the type species of the genera Cribrihabitans (C. marinus JCM 19401 T ; Chen et al., 2014) , Phaeobacter (Phaeobacter gallaeciensis JCM 21319 T ; Martens et al., 2006) and Ruegeria (Ruegeria atlantica JCM 21234 T ; Uchino et al., 1998) were used as reference strains for direct comparative analysis. All strains were cultured on MA or in MB for 48 h at 30 u C, unless specified otherwise.
The genomic DNA of strain CC-AMHB-3 T was isolated by using an UltraClean Microbial Genomic DNA Isolation kit (MO BIO) following the manufacturer's instructions. The partial 16S rRNA gene was amplified by PCR according to Shahina et al. (2013) . Gene sequencing was performed by using a BigDye terminator kit (Heiner et al., 1998) and an automatic DNA sequencer (ABI PRISM 310, Applied Biosystems) (Watts & MacBeath, 2001) . Sequence fragments were then assembled using the Fragment Assembly System program from the Wisconsin Package (GCG, 1995) . Sequence similarity values were computed using BLAST searches (Altschul et al., 1990) and the EzTaxon-e server (Kim et al., 2012a) . Sequence data were analysed by using MEGA 5 (Tamura et al., 2011) , after multiple alignment by CLUSTAL X (Thompson et al., 1997) . The distance matrix method (distance options according to the Kimura two-parameter model; Kimura, 1980) including clustering by neighbour-joining (NJ; Saitou & Nei, 1987) , a discrete character-based maximum-parsimony (MP; Fitch, 1971) method and the maximum-likelihood (ML; Felsenstein, 1981) method were used. The topologies of the trees were evaluated by using the bootstrap resampling method based on 1000 replications (Felsenstein, 1985) .
The 16S rRNA gene sequence of strain CC-AMHB-3 T was 1428 bp long and shared high pairwise 16S rRNA gene sequence similarities with Ruegeria mobilis NBRC 101030 T (96.5 %) followed by Ruegeria scottomollicae LMG 24367 T (96.4 %), Phaeobacter aquaemixtae SSK6-1 T (96.2 %), Phaeobacter daeponensis TF-218 T (96.2 %), C. marinus CZ-AM5 T (96.1 %) and other species of the family Rhodobacteraceae (¡95.9 %). In the NJ phylogenetic tree, strain CC-AMHB-3 T formed a distinct phyletic lineage associated with C. marinus CZ-AM5
T having 76 % bootstrap support of the node (Fig. 1) . Similarly, the co-phyletic lineage established between strain CC-AMHB-3 T and C. marinus CZ-AM5 T was conserved in MP and ML trees as well (54 % and 66 % bootstrap confidence of the node, respectively). By contrast, R. mobilis NBRC 101030 T , R. scottomollicae LMG 24367 T , P. aquaemixtae SSK6-1 T and P. daeponensis TF-218 T were found to occupy a distant phylogenetic neighbourhood with regard to strain CC-AMHB-3 T (Fig 1, Figs S2 and S3 available in the online Supplementary Material). Thus, the taxonomic status of the novel strain was further investigated directly by using authentic type strains of the type species of the genera Ruegeria, Phaeobacter and Cribrihabitans.
The following phenotypic tests were carried out exclusively on strain CC-AMHB-3 T . Colonies were examined for morphological features such as colony appearance, size, shape, texture and pigmentation. Presence of endospores was assessed by phase-contrast microscopy (model A3000, Zeiss) after malachite-green staining (Smibert & Krieg, 1994) of the cells grown on MA for 7 days. Cell morphology including presence of flagella was determined by placing the cells (1-2 days old) on a carbon-coated copper grid followed by staining with 0.2 % uranyl acetate for 5-10 s, brief air-drying and observation under a transmission electron microscope (JEM-1400, JEOL). Gram staining was performed according to the protocol of Murray et al. (1994) . Growth under anaerobic conditions was tested using MA or MA supplemented with 0.1 % (w/v) KNO 3 by incubating the culture plates in an anaerobic chamber (COY) with the following gas composition: N 2 /CO 2 /H 2 , 76 : 19 : 5. The requirement for NaCl was tested on R2A agar (BD Difco) supplemented with 0-10 % (w/v) NaCl (at 1 % intervals). The pH range for growth was determined in MB that was adjusted before sterilization to pH 4.0-10.0 (at 1.0 pH unit intervals) using appropriate buffers . Growth at 10, 20, 25, 30, 37, 40, 45, 50 and 55 u C was tested in MB after 72 h of incubation. Acid production and oxidation of carbon sources were tested using API 50 CH strips (bioMérieux) and GN2 Microplates (Biolog) according to the manufacturers' instructions. Bacterial cell suspensions supplemented with 3.2 % (w/v) sea salts were used for inoculation.
The following phenotypic tests were carried out on all four strains. Growth was tested on nutrient agar (NA; Himedia), tryptic soy agar (TSA; BD Difco) and R2A (BD Difco) agar. Activity of catalase and oxidase, and hydrolysis of starch, egg yolk, Tweens 20 and 80, casein (skimmed milk), colloidal chitin, CM-cellulose, xylan, L-tyrosine and DNA were tested as described previously (Hameed et al., 2014) . Bacterial cell suspensions supplemented with 3.2 % (w/v) sea salts were inoculated in to API 20 NE and API ZYM strips (bioMérieux) according to manufacturer's instructions.
The morphological characteristics of strain CC-AMHB-3 T are shown in Fig. S1 and given in the species description. Cells of strain CC-AMHB-3
T were Gram-stain-negative, rodor oval-shaped and motile by means of monopolar flagella. Transmission electron microscopy revealed two longer and two slightly shorter intertwined flagella in strain CC-AMHB-3 T (Fig. S1 ). The arrangement of flagella in strain CC-AMHB-3 T was unique as compared with C. marinus JCM 19401 T , which showed one or two polar or lateral flagella (Chen et al., 2014) . Additional features that distinguished the novel strain from the reference strains are given in Table 1. For cellular fatty acid analysis, the fatty acid methyl esters of strain CC-AMHB-3
T and reference strains were extracted from cells cultivated on MA at 30 u C. Cell samples were harvested during the exponential growth phase, subjected to saponification, methylation and extraction as described by Kämpfer & Kroppenstedt (1996) and analysed by gas chromatography (model 7890A, Agilent). Peaks were automatically integrated, and fatty acid names and percentages were determined using the microbial identification standard software package MIDI (version 6) (Sasser, 1990) by adopting the database RTSBA6. The fatty acid profiles of strains are summarized in Table 2 .
The major (.5 % of the total) fatty acids of strain CC-AMHB-3 T were C 18 : 1 v7c and/or C 18 : 1 v6c (summed feature 8; 69.9 %), 11-methyl C 18 : 1 v7c (6.3 %) and C 16 : 0 (8.7 %), in line with those of C. marinus CZ-AM5 T and P. gallaeciensis JCM 21319 T . By contrast, the fatty acid profile of R. atlantica JCM 21234
T showed minor amounts of C 16 : 0 besides having significant amounts of the hydroxyl fatty acids C 12 : 0 3-OH and C 16 : 0 2-OH. In addition, all strains showed some quantitative variations in the other fatty acids detected. Nonetheless, it appears that fatty acids are not a suitable marker to distinguish the species of the family Rhodobacteraceae.
The respiratory quinones of strain CC-AMHB-3 T were extracted according to the method of Minnikin et al. (1984) and analysed by reversed-phase HPLC according to the protocol of Collins (1985) with minor modifications . The polar lipids of strain CC-AMHB-3 T and the two reference strains were extracted and analysed by two-dimensional TLC (Embley & Wait, 1994) . Ethanolic molybdatophosphoric acid (10 %), Zinzadze reagent, 0.2 % ninhydrin and a-naphthol were used to visualize the spots corresponding to total lipids, phospholipids, aminolipids and glycolipids, respectively. For determination of the G+C content, the DNA of strain CC-AMHB-3
T was subjected to thermal denaturation followed by enzymic digestion into nucleosides as described by Mesbah et al. (1989) . The resultant nucleoside mixture was separated and quantified by reversed-phase HPLC with minor modifications as described by Shahina et al. (2013) . 
(D85831) Roseivivax halodurans OCh 239 T (D85829) Roseivivax isoporae sw-2 T (FJ593905) Cribrihabitans neustonicus CC-AMHB-3 T (KF582605) Cribrihabitans marinus CZ-AM5 T (JX306766) Lutimaribacter saemankumensis SMK-117 T (EU336981) Ruegeria intermedia CC-GIMAT-2 T (FR832879)
Alteromonas macleodii DSM 6062 T (Y18228) Strain CC-AMHB-3 T possessed ubiquinone-10 (Q-10) as the sole respiratory quinone, which is in line with that of C. marinus CZ-AM5
T (Chen et al., 2014) . The DNA G+C content of strain CC-AMHB-3 T was 66.7 mol%, a value higher than the value reported for C. marinus CZ-AM5 T and the other two related genera (Table 1) .
The thin layer chromatographic patterns of the total polar lipids of strain CC-AMHB-3 T and the three reference strains are shown in Fig. 2 . The polar lipid profile of strain CC-AMHB-3 T included major amounts of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and phosphatidylcholine (PC); moderate amounts of phosphatidylethanolamine (PE), an unidentified aminolipid (AL1), an unidentified phospholipid (PL2) and an unidentified lipid (L2); and trace amounts of an unidentified lipid (L1) and an unidentified phospholipid (PL1). Our polar lipid data for C. marinus CZ-AM5 T were in excellent agreement with the data reported previously by Chen et al. (2014) . The polar lipids of strain CC-AMHB-3 T differed slightly from those of C. marinus CZ-AM5
T as the latter exclusively contained an additional unidentified lipid (L3) and phospholipid (PL3) in detectable amounts. By contrast, the polar lipids of strain CC-AMHB-3 T were considerably different from those of R. atlantica JCM 21234 T and P. gallaeciensis JCM 21319 T . R. atlantica JCM 21234 T lacked PE while containing DPG, PG, PC, two unidentified aminolipids (AL1 and AL2) and an unidentified lipid (L1) in major amounts and two unidentified lipids (L3 and L4) in moderate-to-trace amounts. P. gallaeciensis JCM 
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T lacked DPG while containing major amounts of PE, PG, PC, two unidentified lipids (AL1 and AL3) and an unidentified lipid (L2); and trace amounts of an unidentified phospholipid (PL3) and an unidentified lipid (L3). The polar lipid profile served as an excellent chemotaxonomic marker that aided the classification of strain CC-AMHB-3 T as a member of the genus Cribrihabitans.
Thus, based on the genetic, phylogenetic, chemotaxonomic and phenotypic characteristics, strain CC-AMHB-3
T represents a novel species of the genus Cribrihabitans affiliated to the family Rhodobacteraceae, for which the name Cribrihabitans neustonicus sp. nov. is proposed. On the basis of the new data obtained in this study, an emended description of the genus Cribrihabitans is also proposed.
Emended description of the genus Cribrihabitans Chen et al. 2014
The description of the genus Cribrihabitans is as given by Chen et al. (2014) with the following amendments. The number as well as organization of flagella is variable. The DNA G+C content ranges between 60.0 and 66.7 mol%.
Description of Cribrihabitans neustonicus
Cribrihabitans neustonicus (neu.sto9ni.cus. N.L. masc. adj. neustonicus pertaining to and living in the neuston).
Cells are Gram-stain-negative, strictly aerobic, non-sporeforming, chemoheterotrophic, mesophilic and rod-or oval-shaped with rounded ends. Cells possess four distinct intertwined monopolar flagella. Cells produce brownish diffusible pigments on MA or in MB. Cells are 0.8 mm in diameter and 1.3-1.9 mm in length. On MA, after 1-2 days of incubation at 30 u C, colonies are circular, convex, opaque, cream-coloured and 0.5-1.0 mm in diameter. Growth occurs at 20-40 u C (optimum, 30 u C), at pH 6.0-9.0 (optimum, pH 7.0) and in the presence of 2-4 % (w/v) NaCl (optimum, 3 %). Growth occurs on MA and R2A but not on NA or TSA. Catalase-positive and oxidase-negative. Positive for hydrolysis of L-tyrosine, Tween 20 and casein; weakly positive for hydrolysis of egg yolk. Negative for hydrolysis of starch, Tween 80, chitin, CM-cellulose, xylan and DNA. In the API 20NE strip, positive for hydrolysis of aesculin and para-nitrophenyl-b-D-galactopyranoside; assimilation of D-glucose, D-mannose, D-mannitol, maltose, malic acid and trisodium citrate; negative for nitrate reduction, indole production, D-glucose fermentation, arginine dihydrolase and urease activities, hydrolysis of gelatin, and assimilation of L-arabinose, N-acetylglucosamine, potassium gluconate, capric acid and phenylacetic acid; weakly positive for assimilation of adipic acid. In the API ZYM strip, positive for alkaline phosphatase, esterase , which was isolated from surface seawater off coastal Hualien, Taiwan. The DNA G+C content of the type strain is 66.7 mol%.
